Rare Earth Elements Related to Major Tertiary Volcanic

Complexes in the Republic of Macedonia by Tasev, Goran & Serafimovski, Todor
Proceedings
Volume 2




in a Sustainable World 
 
13th Biennial SGA Meeting 













The 13th SGA biennial meeting is organized by the CNRS, and a group of French, 
Belgian and German universities (Nancy, Liège, Aachen and Louvain). 
 
The theme for this 13th edition is “Mineral Resources in a Sustainable World”. 
 
The SGA was founded in 1965 in Heidelberg and the 2015 SGA biennial meeting 














Suggested citation for the entire volume: 
André-Mayer AS, Cathelineau M, Muchez Ph, Pirard E, Sindern S (eds) Mineral 
resources in a sustainable world. Proceedings of the 13th Biennial SGA Meeting, 
24-27 August 2015, Nancy, France, 2134 pages 
 
Suggested citation for an individual paper: 
André-Mayer AS, Turlin F, Vanderhaeghe O, Gervais F, Ohnenstetter D, 
Moukhsil A, Solgadi F (2015) REE mineralizations associated to Late- to Post-
Grenvillian Orogeny peraluminous pegmatites, Québec. Proceeding of the 13th 






This publication cannot be reproduced in whole or in part without the permission 
of The Society for Geology Applied to Mineral Deposits (SGA). 
 

















Set of 5 volumes 
Layout:  Anne-Sylvie André-Mayer, Maia Riehl, GeoRessources, Université de Lorraine 




Session 3 ................................................................................................................................ 399 
Fluids and ore genesis 
The Sn-W Alyaskitovoe Deposit, Russia, Sakha (Yakutia): Mineral Assemblages, Fluid Inclusions, 
Stable Isotopes and REE ............................................................................................................... 401 
Elena Anikina, Gennady N Gamyanin, Olga Vikent’eva, Andrey A Borovikov 
Sulfur Speciation in Natural Fluid Inclusions at Elevated Temperatures ....................................... 405 
Guillaume Barré, Laurent Truche, Raymond Michels 
Experimental Study of Zinc and Cadmium Transport by Hydrothermal Fluids and Vapors ........... 409 
Elena F Bazarkina, Nikolay N Akinfiev, Laurent Truche 
The Hydrogen Isotope Composition of Tourmaline from the Val-d’Or (Canada) Orogenic Gold 
Deposits ......................................................................................................................................... 413 
Georges Beaudoin, Massimo Chiaradia 
Ore-Forming Fluids of Gold Porphyry and Skarn Deposits in Central Aldan (Southern Yakutia) Based 
on Fluid Inclusion Study ................................................................................................................. 417 
Ivan D Borisenko, Andrey A Borovikov, Alexandr A Borisenko, Ivan V Gaskov, Ilya Prokopiev, Vladimir Naumov 
The Composition of the Ore-Forming Fluids and Metal Content of the Kalguta Mo-W (Be) 
Deposit ........................................................................................................................................... 421 
Andrey A Borovikov, Alexander S Borisenko, Sergey I Shabalin, Vladimir A Goverdovskii, Nikolay V Bryanskiy 
The Effect of Temperature and Cataclastic Deformation on Salinity, Halogen Systematics and Metal 
Transport Capacities of Continental Basement Brines – an Experimental Approach .................... 425 
Mathias Burisch, Michael AW Marks, Marcus Nowak, Gregor Markl 
CO2-Rich Fluid Inclusions in the Hamadi Gold Deposit of Sudan, Northeastern Africa ................. 429 
Xi-Hui Cheng, Jiu-Hua Xu, Jian-Xiong Wang, Qing-Bo Xue 
Implication of Metamorphic Fluids on Cassiterite Precipitation in the Logrosán Sn-(W) Ore Deposit 
(Central Iberian Zone, Spain) ......................................................................................................... 433 
Eva Chicharro, José Angel López-García, Marie Christine Boiron, Carlos Villaseca 
Fluid Evolution in the Patricia Zn-Pb-Ag Vein Deposit (Paguanta, NE Chile): Fluid Inclusion 
Assemblages and Laser Ablation ICP-MS Evidence ..................................................................... 437 
Darío Chinchilla, Lorena Ortega, Rubén Piña, Raul Merinero, Rosario Lunar, Daniel Moncada, Robert J Bodnar 
δD and δ18O Values of Halloysite-Kaolinite and Goethite-Hematite in the Fe Deposit of Tamra (N-W 
Tunisia): New Insights for Mixing Fluids during Ore Formation ..................................................... 441 
Augustin Dekoninck, Johan Yans, Torsten Vennemann, Béchir Moussi, Fakher Jamoussi, Nouri Hatira, Hedi-Ridha 
Chaftar 
Quantitative Characterization of Hydrothermal Systems and Reconstruction of Fluid Fluxes: the 
Significance of Advection, Disequilibrium, and Dispersion ............................................................ 445 
David Dolejš 
Mineralogical Evolution of the Polymetallic Vein Mineralization at the Roc Blanc Silver Deposit 
(Jebilet Massif, Variscan Belt, Morocco) ........................................................................................ 449 
Amal El Arbaoui, Amina Wafik, Ismaïla Ndiaye, Lou Maacha, Mohamed Zouhair, Abdelmalek Ouadjou, Ahmed 
Radnaoui 
Fluid Evolution from 0 to 4000m Depth in the Giant Sanshandao Gold Deposit, Jiaodong Gold 
Province, China: Implication for Ore Genesis ................................................................................ 453 
Hong-Rui Fan, Bo-Jie Wen, Fang-Fang Hu, Kui-Feng Yang 
P-T Conditions of Subsolidus Modifications on Rare Metal Enriched Pegmatites: An Example from 
Central Portugal  ............................................................................................................................ 457 
Marieta Freitas, Alexandra Carolino, Alexandra Guedes, Fernando Noronha  
391
The 13th SGA biennial meeting is organized by the CNRS, and a group of French, 
Belgian and German universities (Nancy, Liège, Aachen and Louvain). 
 
The theme for this 13th edition is “Mineral Resources in a Sustainable World”. 
 
The SGA was founded in 1965 in Heidelberg and the 2015 SGA biennial meeting 














Suggested citation for the entire volume: 
André-Mayer AS, Cathelineau M, Muchez Ph, Pirard E, Sindern S (eds) Mineral 
resources in a sustainable world. Proceedings of the 13th Biennial SGA Meeting, 
24-27 August 2015, Nancy, France, 2134 pages 
 
Suggested citation for an individual paper: 
André-Mayer AS, Turlin F, Vanderhaeghe O, Gervais F, Ohnenstetter D, 
Moukhsil A, Solgadi F (2015) REE mineralizations associated to Late- to Post-
Grenvillian Orogeny peraluminous pegmatites, Québec. Proceeding of the 13th 






This publication cannot be reproduced in whole or in part without the permission 
of The Society for Geology Applied to Mineral Deposits (SGA). 
 

















Set of 5 volumes 
Layout:  Anne-Sylvie André-Mayer, Maia Riehl, GeoRessources, Université de Lorraine 




Session 3 ................................................................................................................................ 399 
Fluids and ore genesis 
The Sn-W Alyaskitovoe Deposit, Russia, Sakha (Yakutia): Mineral Assemblages, Fluid Inclusions, 
Stable Isotopes and REE ............................................................................................................... 401 
Elena Anikina, Gennady N Gamyanin, Olga Vikent’eva, Andrey A Borovikov 
Sulfur Speciation in Natural Fluid Inclusions at Elevated Temperatures ....................................... 405 
Guillaume Barré, Laurent Truche, Raymond Michels 
Experimental Study of Zinc and Cadmium Transport by Hydrothermal Fluids and Vapors ........... 409 
Elena F Bazarkina, Nikolay N Akinfiev, Laurent Truche 
The Hydrogen Isotope Composition of Tourmaline from the Val-d’Or (Canada) Orogenic Gold 
Deposits ......................................................................................................................................... 413 
Georges Beaudoin, Massimo Chiaradia 
Ore-Forming Fluids of Gold Porphyry and Skarn Deposits in Central Aldan (Southern Yakutia) Based 
on Fluid Inclusion Study ................................................................................................................. 417 
Ivan D Borisenko, Andrey A Borovikov, Alexandr A Borisenko, Ivan V Gaskov, Ilya Prokopiev, Vladimir Naumov 
The Composition of the Ore-Forming Fluids and Metal Content of the Kalguta Mo-W (Be) 
Deposit ........................................................................................................................................... 421 
Andrey A Borovikov, Alexander S Borisenko, Sergey I Shabalin, Vladimir A Goverdovskii, Nikolay V Bryanskiy 
The Effect of Temperature and Cataclastic Deformation on Salinity, Halogen Systematics and Metal 
Transport Capacities of Continental Basement Brines – an Experimental Approach .................... 425 
Mathias Burisch, Michael AW Marks, Marcus Nowak, Gregor Markl 
CO2-Rich Fluid Inclusions in the Hamadi Gold Deposit of Sudan, Northeastern Africa ................. 429 
Xi-Hui Cheng, Jiu-Hua Xu, Jian-Xiong Wang, Qing-Bo Xue 
Implication of Metamorphic Fluids on Cassiterite Precipitation in the Logrosán Sn-(W) Ore Deposit 
(Central Iberian Zone, Spain) ......................................................................................................... 433 
Eva Chicharro, José Angel López-García, Marie Christine Boiron, Carlos Villaseca 
Fluid Evolution in the Patricia Zn-Pb-Ag Vein Deposit (Paguanta, NE Chile): Fluid Inclusion 
Assemblages and Laser Ablation ICP-MS Evidence ..................................................................... 437 
Darío Chinchilla, Lorena Ortega, Rubén Piña, Raul Merinero, Rosario Lunar, Daniel Moncada, Robert J Bodnar 
δD and δ18O Values of Halloysite-Kaolinite and Goethite-Hematite in the Fe Deposit of Tamra (N-W 
Tunisia): New Insights for Mixing Fluids during Ore Formation ..................................................... 441 
Augustin Dekoninck, Johan Yans, Torsten Vennemann, Béchir Moussi, Fakher Jamoussi, Nouri Hatira, Hedi-Ridha 
Chaftar 
Quantitative Characterization of Hydrothermal Systems and Reconstruction of Fluid Fluxes: the 
Significance of Advection, Disequilibrium, and Dispersion ............................................................ 445 
David Dolejš 
Mineralogical Evolution of the Polymetallic Vein Mineralization at the Roc Blanc Silver Deposit 
(Jebilet Massif, Variscan Belt, Morocco) ........................................................................................ 449 
Amal El Arbaoui, Amina Wafik, Ismaïla Ndiaye, Lou Maacha, Mohamed Zouhair, Abdelmalek Ouadjou, Ahmed 
Radnaoui 
Fluid Evolution from 0 to 4000m Depth in the Giant Sanshandao Gold Deposit, Jiaodong Gold 
Province, China: Implication for Ore Genesis ................................................................................ 453 
Hong-Rui Fan, Bo-Jie Wen, Fang-Fang Hu, Kui-Feng Yang 
P-T Conditions of Subsolidus Modifications on Rare Metal Enriched Pegmatites: An Example from 
Central Portugal  ............................................................................................................................ 457 




MINERAL RESOURCES IN A SUSTAINABLE WORLD • 13th SGA Biennial Meeting 2015. Proceedings, Volume 2392  
Mineralogical and Geochemical Vectors to Ore: the Alteration Halo of the Canadian Malartic Gold 
Deposit ........................................................................................................................................... 461 
Nicolas Gaillard, Anthony E Williams-Jones, James R Clark, Stefano Salvi, Didier Béziat, Philip Lypaczewski 
Stéphane Perrouty, Robert L Linnen 
Tourmaline as Fluid Source Indicator in the Late Archean Hutti Orogenic Gold Deposit .............. 465 
Pranjit Hazarika and Biswajit Mishra 
Cobalt and Silver Mineralization in the Anti-Atlas, Morocco .......................................................... 469 
Vladimir I Lebedev, Alexander A Borisenko, Andrey Borovikov, Galina G Pavlova, Lou Maacha  
 
Niobium in Hydrothermal Systems: Thermodynamic Description of Nb Hydroxo- and Fluoride 
Complexes over a Wide Range of Temperatures and Pressures .................................................. 473 
Ekaterina V Lykuanova, Nikolay Akinfiev, Aleksandr V Zotov, Valentina S Korzhinskya, Natalia P Kotova  
Physico-Chemical Characterization of Fluids that Produced Cobalt Mineralization in Bou Azzer Inlier 
(Central Anti-Atlas, Morocco) ......................................................................................................... 477 
Lhou Maacha, Mohamed  Bhilisse, Amina Wafik, Hassan  Admou, Kiven Hefferan 
Ore Fluid Characterization using Pyrite and Arsenopyrite Compositions from the Greenstone-Hosted 
Hutti Gold Deposit  ......................................................................................................................... 481 
Biswajit Mishra, Pranjit Hazarika, Kamal Lochan Pruseth 
Sources of Fluids in the Orogenic Gold Deposits of the Archean Hattu Schist Belt, Eastern Finland: 
Results of Multiple (B, S, Cu) Isotope Studies ............................................................................... 485 
Ferenc Molnár, Irmeli Mänttäri, Hugh O´Brien, Yann Lahaye, Lassi Pakkanen, Bo Johanson, Asko Käpyaho, Peter 
Sorjonen-Ward, Martin Whitehouse, Grigorios Sakellaris 
Nature of Orogenic Gold - Related Hydrothermal Alteration at Incahuasi, Puna Catamarqueña, 
Argentina ........................................................................................................................................ 489 
Diana Mutti, Carolina Méndez, Juan Manuel García, Alejandro Di Marco 
Geochemical Evidences and Heat-Transport Simulations for Warm Fluid Involvement in the 
Formation of Riópar MVT Deposit (Prebetic Basin, SE Spain)Riópar MVT Deposit (Prebetic Basin, 
SE Spain) ....................................................................................................................................... 493 
Dídac Navarro-Ciurana, Mercè Corbella, Albert Griera, David Gómez-Gras, Esteve Cardellach,  
Elena Vindel, Linda Daniele 
The Krásná Hora Epizonal Orogenic Sb-Au Deposit, Bohemian Massif, Czech Republic ............ 497 
Matěj Němec, Jiří Zachariáš  
Brines at the Origin of the Silver Mineralization at the Koudia El Hamra Deposit, Central Jebilet, 
Morocco ......................................................................................................................................... 501 
Félix Nshimiyimana, Samira Essarraj, Hibti Mohamed 
Comparative Study of Fluid Inclusions Trapped in Co-Genetic Ore and Gangue Minerals ........... 505  
Melissa Ortelli, Kalin Kouzmanov, Markus Wälle, John H Dilles 
Geology and Genesis of the Latala Base Metal Deposit North Miduk, Iran ................................... 509 
Fariba Padyar, Mohammad Rahgoshay, Saed Alirezeai, Mohammad Pourmoafi, Alexandre Tarantola 
Fluid Flow and Rock Permeability Considerations for Au Mineral Systems: Inputs From Numerical 
Simulations  .................................................................................................................................................. 513 
Jonathan Poh, Nicolas Thébaud, Mark Lindsay, Marco Fiorentini, Florian Wellmann, Patrice Rey 
“Over-Lithostatic” Pressure in Fluid Inclusions of Hydrothermal Deposit Minerals Can Be just the 
Indicator of the Ore-Bearing Crust Domain Uplift? ........................................................................ 517 
Vsevolod Prokofiev, Alexander Pek 
Nature and Origin of Ore-Forming Fluids in the Haoyaoerhudong Gold Deposit, Inner Mongolia, 
China .............................................................................................................................................. 521 
Kaijing Qi, Jianping Wang, Zhenjiang Liu, Xiu Wang, Zan Li, Xiangdong Jiang, Zongqin Zhao, Qing Li, Hailong Gao 
Metal Fractionation between Water-Liquid Hydrocarbon and Solid Organic Matter Produced by 
Interaction between Carbonaceous Rocks and Hydrothermal Solution: Simulation in Batch 
Reactor .......................................................................................................................................... 525 
Aurélien Randi, Jacques Pironon, Chantal Peiffert, Delphine Catteloin, Marie-Christine Boiron, Vladimir Balitski, 
Loudmila Balitski, Svetlana Balitski-Pentelei 
 
Constraints on the Magmatic-Hydrothermal Fluid Evolution in LCT Pegmatites from Mt. Tinstone, 
Wodgina Pegmatite District, North Pilbara Craton, Western Australia .......................................... 529 
Lisa Richter, Thomas Seifert, Thomas Dittrich, Bernhard Schulz, Steffen Hagemann, David Banks 
Evidence of Ore Remobilization by Thermal Waters: Example from the Active Geothermal Field of 
Takab and Angouran, NW Iran ...................................................................................................... 533  
Magali Rossi, Dominique Gasquet, Anne-Lise Develle, Farahnaz Daliran, Christophe Lécuyer, François Fourel, Jalil 
Ghalamghash, Hamid Reza Jafari-Saroughi, Omid Ardebili 
Fluid Pathways in Low-Displacement Fault Networks ................................................................... 537 
Paul Stenhouse, Stephen F Cox 
The Chemical Evolution of Continental Basement Brines in Central Europe: the Relation of 
Evaporites with Metal-Bearing Hydrothermal Fluids ...................................................................... 541  
Benjamin F Walter, Gregor Markl  
Can Auriferous Fluids Produce their Own Pathways via Porosity Forming Reactions? An Insight from 
the Mick Adam Gold Deposit, Yilgarn Craton, Western Australia .................................................. 545 
James Warren, Adam Bath, Nicolas Thébaud, Belinda Gödel 
Simulating Au-U-C Associations: An Experimental Approach to Modelling the Mineralization 
Processes in the Witwatersrand Basin, South Africa ..................................................................... 549 
Tremain Woods, Gillian Drennan, Shane Durbach 
Copper-Gold Mineralization and Fluid Inclusions in the Qiaoxiahala Fe-Cu-Au Deposit, Southern 
Altay, China .................................................................................................................................... 553  
Jiuhua Xu, Xiaofeng Wei, Yunhui Gong, Longhua Lin, Xing Xiao 
Evidence for Syngenetic Gold Mineralization Overprinted by Skarn at the Xinqiao Cu-S-Fe-Au 
Deposit, Tongling Mineral District, China ....................................................................................... 557 
Lejun Zhang, David R Cooke, Taofa Zhou, Yu Fan 
Session 4 ................................................................................................................................ 561 
Developments in element and isotope geochemistry, source tracing and 
geochronology 
Pyrite as an Indicator Mineral in Archean Alkaline Gold Systems ................................................. 563 
Robert A Campbell, Robert L Linnen, Jacques Samson 
Conceptualizing Rare Earth Element Mass Transfer in Hydrothermal Mineral Systems ............... 567 
David Debruyne, Niels Hulsbosch, Philippe Muchez 
New Peak Temperature Constraints using RSCM Geothermometry on the Hajjar Zn-Pb-Cu Mine 
and its Surroundings (Guemassa Massif, Morocco) ...................................................................... 571 
Sylvain Delchini, Abdeltif Lahfid, Claire Ramboz, Yannick Branquet, Lhou Maacha 
Mineralogy and Geochemistry of Timmasamudram Kimberlites, Southern India: Constraints on 
Genesis and Orangeite (Group II kimberlite) Affinity of TK1 and TK4 Pipes ................................. 575  
Ashish N Dongre, Fanus Viljoen, Nittala V Chalapathi Rao 
The Origin of the Zhaxikang Pb-Zn Polymetallic Deposit, South Tibet - Implications from Zinc 
Isotopes ......................................................................................................................................... 579 
Jilin Duan, Bin Lin 
Geological Study of Gold Indices at Ako’ozam, Akom II Region (South Cameroon) ..................... 583 
Christopher Fuanya, Rose Yongue Fouateu, Boniface Kankeu 
New Methods to Quantify Clay Minerals in the Uranium Deposits Hosted in Sands of the Chu Sarysu 
Basin (South Kazakhstan) Based on Visible and Near-Infrared Field Spectrometry ..................... 587 
Benoit Hebert, Daniel Beaufort, Régis Roy, Adrien Pouradier, Ruslan Jikibayev 
Timing of Magmatism and Mineralisation at Falun, a Major Base Metal Sulphide Deposit in the 
Fennoscandian Shield, Sweden .................................................................................................... 591 
Tobias C Kampmann, Michael B Stephens, Magnus Ripa, Fredrik A Hellström 
Alteration and Formation of Rutile in Aqueous Fluids: Evidence from Microstructures, Trace-
Elements and U-Pb Ages ............................................................................................................... 595 
 
Nikola Koglin, Armin Zeh, Alexandre Raphael Cabral, Mareike Decker, Antônio Augusto Seabra Gomes Jr 
Incorporation of Trace Elements into Sphalerite. Case Study from Pb-Zn Mineralizations in Vardar 
Zone, Kosovo ................................................................................................................................. 599 
Joanna Kołodziejczyk, Jaroslav Pršek 
Isotopic Studies on Galena from Different Types of     Pb-Zn Deposits in Portugal and Morocco . 603 
Carlos Marques de Sá, Jamal Auajjar, Fernando Noronha 
Re-Os Ages for Ag-Bearing Cu Sulphide Ores from the Kupferschiefer in Poland ....................... 607  
Stanislaw Z Mikulski, Holly J Stein 
U-Pb  Monazite  Dating  of  the  Sn-W-Mo-Bearing  Mount  Douglas  Leucogranite,  Southwestern 
New  Brunswick, Canada: Implications for a Link to the Subvolcanic Mount Pleasant Mineralized 
Systems ......................................................................................................................................... 611  
Nadia Mohammadi, David R Lentz, Christopher RM McFarlane 
Variation in Trace Element Composition in Molybdenite: Results of LA-ICP-MS Study from Different 
Types of Mineralization .................................................................................................................. 615 
Jan Pašava, František Veselovský, Ondřej Pour, Milan Drábek, Patricie Halodová, Martin Svojtka, Lukáš Ackerman, 
Jana Ďurišová, Karel Žák, Eva Haluzová 
Source Area Gold Enrichment and the Formation of Orogenic Gold Deposits .............................. 619 
Iain K Pitcairn 
When Size Does Matter...in Gold Exploration ................................................................................ 623 
Christian Sasseville, Michel Jébrak, Stevenson Ross, André Poirier 
Because a LIBS Map is Worth a Thousand Words in Metallogeny…  ........................................... 627 
Christian Sasseville, Fabrice Surma, Frédéric Pelascini, Vincent Motto-Ros, Vincent Detalle 
Sulfur Sources in the Glenburgh Orogenic Gold Deposit .............................................................. 631 
Vikraman Selvaraja, Marco L Fiorentini, Sandra Occhipinti, Boswell Wing, Thi-Hao Bui, Lisa Roche, Julian 
Goldsworthy 
Magnetite Crystallisation as a Control of Mineral-Melt Partitioning of Divalent Cations................. 635 
Robert H Sievwright, Jamie J Wilkinson  
Evaluation of QEMSCAN® Based Quantitative Mineralogical Tools for the Investigation of 
Hydrothermal Mineralization – a Case Study from the RWTH-1 Well (Germany) ......................... 639 
Sven Sindern, Lars Gronen, Franz Michael Meyer 
Rare Earth Elements Related to Major Tertiary Volcanic Complexes in the Republic of 
Macedonia ..................................................................................................................................... 643 
Goran Tasev, Todor Serafimovski 
The Ag Isotope Systematics in Native Silver from Some Hydrothermal Deposits: Toward a New Tool 
for Mineral Deposits Studies .......................................................................................................... 647 
Svetlana G Tessalina, Kai Rankenburg, Evgeni Naumov, Nikolay A Goryachev, Natalia E Savva 
New U-Pb Baddeleyite Age and Paleomagnetic Constraints for the Uitkomst Complex in South 
Africa: Clues to the Timing of Intrusion .......................................................................................... 651 
Hervé Wabo, MO de Kock, F Humbert, JR Olsson, U Söderlund  
Mokrsko Gold Deposit: Cathodoluminescence Textures of Hydrothermal Quartz, Fluorite and 
Geochronology - Supporting Evidence for Intrusion Related Gold Deposit ................................... 655 
Vojtech Wertich, Jaromir Leichmann, Marek Dosbaba 
Copper Isotope Fractionation at High-Temperatures during Magmatic and Hydrothermal Processes: 
Insights from the Post-Collisional Dabu Porphyry Cu-Mo Deposit in Southern Tibet .................... 659 
Song Wu, You-Ye Zheng, Xiang Sun, Sheng-Ao Liu, Da Wang 
190Pt-4He Dating of Platinum Mineralization ................................................................................... 663 
Olga Yakubovich, Alexander Mochalov, Alexander Kotov, Sergey Sluzhenikin, Alexander Okrugin, Martin Danišík, 






Mineralogical and Geochemical Vectors to Ore: the Alteration Halo of the Canadian Malartic Gold 
Deposit ........................................................................................................................................... 461 
Nicolas Gaillard, Anthony E Williams-Jones, James R Clark, Stefano Salvi, Didier Béziat, Philip Lypaczewski 
Stéphane Perrouty, Robert L Linnen 
Tourmaline as Fluid Source Indicator in the Late Archean Hutti Orogenic Gold Deposit .............. 465 
Pranjit Hazarika and Biswajit Mishra 
Cobalt and Silver Mineralization in the Anti-Atlas, Morocco .......................................................... 469 
Vladimir I Lebedev, Alexander A Borisenko, Andrey Borovikov, Galina G Pavlova, Lou Maacha  
 
Niobium in Hydrothermal Systems: Thermodynamic Description of Nb Hydroxo- and Fluoride 
Complexes over a Wide Range of Temperatures and Pressures .................................................. 473 
Ekaterina V Lykuanova, Nikolay Akinfiev, Aleksandr V Zotov, Valentina S Korzhinskya, Natalia P Kotova  
Physico-Chemical Characterization of Fluids that Produced Cobalt Mineralization in Bou Azzer Inlier 
(Central Anti-Atlas, Morocco) ......................................................................................................... 477 
Lhou Maacha, Mohamed  Bhilisse, Amina Wafik, Hassan  Admou, Kiven Hefferan 
Ore Fluid Characterization using Pyrite and Arsenopyrite Compositions from the Greenstone-Hosted 
Hutti Gold Deposit  ......................................................................................................................... 481 
Biswajit Mishra, Pranjit Hazarika, Kamal Lochan Pruseth 
Sources of Fluids in the Orogenic Gold Deposits of the Archean Hattu Schist Belt, Eastern Finland: 
Results of Multiple (B, S, Cu) Isotope Studies ............................................................................... 485 
Ferenc Molnár, Irmeli Mänttäri, Hugh O´Brien, Yann Lahaye, Lassi Pakkanen, Bo Johanson, Asko Käpyaho, Peter 
Sorjonen-Ward, Martin Whitehouse, Grigorios Sakellaris 
Nature of Orogenic Gold - Related Hydrothermal Alteration at Incahuasi, Puna Catamarqueña, 
Argentina ........................................................................................................................................ 489 
Diana Mutti, Carolina Méndez, Juan Manuel García, Alejandro Di Marco 
Geochemical Evidences and Heat-Transport Simulations for Warm Fluid Involvement in the 
Formation of Riópar MVT Deposit (Prebetic Basin, SE Spain)Riópar MVT Deposit (Prebetic Basin, 
SE Spain) ....................................................................................................................................... 493 
Dídac Navarro-Ciurana, Mercè Corbella, Albert Griera, David Gómez-Gras, Esteve Cardellach,  
Elena Vindel, Linda Daniele 
The Krásná Hora Epizonal Orogenic Sb-Au Deposit, Bohemian Massif, Czech Republic ............ 497 
Matěj Němec, Jiří Zachariáš  
Brines at the Origin of the Silver Mineralization at the Koudia El Hamra Deposit, Central Jebilet, 
Morocco ......................................................................................................................................... 501 
Félix Nshimiyimana, Samira Essarraj, Hibti Mohamed 
Comparative Study of Fluid Inclusions Trapped in Co-Genetic Ore and Gangue Minerals ........... 505  
Melissa Ortelli, Kalin Kouzmanov, Markus Wälle, John H Dilles 
Geology and Genesis of the Latala Base Metal Deposit North Miduk, Iran ................................... 509 
Fariba Padyar, Mohammad Rahgoshay, Saed Alirezeai, Mohammad Pourmoafi, Alexandre Tarantola 
Fluid Flow and Rock Permeability Considerations for Au Mineral Systems: Inputs From Numerical 
Simulations  .................................................................................................................................................. 513 
Jonathan Poh, Nicolas Thébaud, Mark Lindsay, Marco Fiorentini, Florian Wellmann, Patrice Rey 
“Over-Lithostatic” Pressure in Fluid Inclusions of Hydrothermal Deposit Minerals Can Be just the 
Indicator of the Ore-Bearing Crust Domain Uplift? ........................................................................ 517 
Vsevolod Prokofiev, Alexander Pek 
Nature and Origin of Ore-Forming Fluids in the Haoyaoerhudong Gold Deposit, Inner Mongolia, 
China .............................................................................................................................................. 521 
Kaijing Qi, Jianping Wang, Zhenjiang Liu, Xiu Wang, Zan Li, Xiangdong Jiang, Zongqin Zhao, Qing Li, Hailong Gao 
Metal Fractionation between Water-Liquid Hydrocarbon and Solid Organic Matter Produced by 
Interaction between Carbonaceous Rocks and Hydrothermal Solution: Simulation in Batch 
Reactor .......................................................................................................................................... 525 
Aurélien Randi, Jacques Pironon, Chantal Peiffert, Delphine Catteloin, Marie-Christine Boiron, Vladimir Balitski, 
Loudmila Balitski, Svetlana Balitski-Pentelei 
 
Constraints on the Magmatic-Hydrothermal Fluid Evolution in LCT Pegmatites from Mt. Tinstone, 
Wodgina Pegmatite District, North Pilbara Craton, Western Australia .......................................... 529 
Lisa Richter, Thomas Seifert, Thomas Dittrich, Bernhard Schulz, Steffen Hagemann, David Banks 
Evidence of Ore Remobilization by Thermal Waters: Example from the Active Geothermal Field of 
Takab and Angouran, NW Iran ...................................................................................................... 533  
Magali Rossi, Dominique Gasquet, Anne-Lise Develle, Farahnaz Daliran, Christophe Lécuyer, François Fourel, Jalil 
Ghalamghash, Hamid Reza Jafari-Saroughi, Omid Ardebili 
Fluid Pathways in Low-Displacement Fault Networks ................................................................... 537 
Paul Stenhouse, Stephen F Cox 
The Chemical Evolution of Continental Basement Brines in Central Europe: the Relation of 
Evaporites with Metal-Bearing Hydrothermal Fluids ...................................................................... 541  
Benjamin F Walter, Gregor Markl  
Can Auriferous Fluids Produce their Own Pathways via Porosity Forming Reactions? An Insight from 
the Mick Adam Gold Deposit, Yilgarn Craton, Western Australia .................................................. 545 
James Warren, Adam Bath, Nicolas Thébaud, Belinda Gödel 
Simulating Au-U-C Associations: An Experimental Approach to Modelling the Mineralization 
Processes in the Witwatersrand Basin, South Africa ..................................................................... 549 
Tremain Woods, Gillian Drennan, Shane Durbach 
Copper-Gold Mineralization and Fluid Inclusions in the Qiaoxiahala Fe-Cu-Au Deposit, Southern 
Altay, China .................................................................................................................................... 553  
Jiuhua Xu, Xiaofeng Wei, Yunhui Gong, Longhua Lin, Xing Xiao 
Evidence for Syngenetic Gold Mineralization Overprinted by Skarn at the Xinqiao Cu-S-Fe-Au 
Deposit, Tongling Mineral District, China ....................................................................................... 557 
Lejun Zhang, David R Cooke, Taofa Zhou, Yu Fan 
Session 4 ................................................................................................................................ 561 
Developments in element and isotope geochemistry, source tracing and 
geochronology 
Pyrite as an Indicator Mineral in Archean Alkaline Gold Systems ................................................. 563 
Robert A Campbell, Robert L Linnen, Jacques Samson 
Conceptualizing Rare Earth Element Mass Transfer in Hydrothermal Mineral Systems ............... 567 
David Debruyne, Niels Hulsbosch, Philippe Muchez 
New Peak Temperature Constraints using RSCM Geothermometry on the Hajjar Zn-Pb-Cu Mine 
and its Surroundings (Guemassa Massif, Morocco) ...................................................................... 571 
Sylvain Delchini, Abdeltif Lahfid, Claire Ramboz, Yannick Branquet, Lhou Maacha 
Mineralogy and Geochemistry of Timmasamudram Kimberlites, Southern India: Constraints on 
Genesis and Orangeite (Group II kimberlite) Affinity of TK1 and TK4 Pipes ................................. 575  
Ashish N Dongre, Fanus Viljoen, Nittala V Chalapathi Rao 
The Origin of the Zhaxikang Pb-Zn Polymetallic Deposit, South Tibet - Implications from Zinc 
Isotopes ......................................................................................................................................... 579 
Jilin Duan, Bin Lin 
Geological Study of Gold Indices at Ako’ozam, Akom II Region (South Cameroon) ..................... 583 
Christopher Fuanya, Rose Yongue Fouateu, Boniface Kankeu 
New Methods to Quantify Clay Minerals in the Uranium Deposits Hosted in Sands of the Chu Sarysu 
Basin (South Kazakhstan) Based on Visible and Near-Infrared Field Spectrometry ..................... 587 
Benoit Hebert, Daniel Beaufort, Régis Roy, Adrien Pouradier, Ruslan Jikibayev 
Timing of Magmatism and Mineralisation at Falun, a Major Base Metal Sulphide Deposit in the 
Fennoscandian Shield, Sweden .................................................................................................... 591 
Tobias C Kampmann, Michael B Stephens, Magnus Ripa, Fredrik A Hellström 
Alteration and Formation of Rutile in Aqueous Fluids: Evidence from Microstructures, Trace-
Elements and U-Pb Ages ............................................................................................................... 595 
 
Nikola Koglin, Armin Zeh, Alexandre Raphael Cabral, Mareike Decker, Antônio Augusto Seabra Gomes Jr 
Incorporation of Trace Elements into Sphalerite. Case Study from Pb-Zn Mineralizations in Vardar 
Zone, Kosovo ................................................................................................................................. 599 
Joanna Kołodziejczyk, Jaroslav Pršek 
Isotopic Studies on Galena from Different Types of     Pb-Zn Deposits in Portugal and Morocco . 603 
Carlos Marques de Sá, Jamal Auajjar, Fernando Noronha 
Re-Os Ages for Ag-Bearing Cu Sulphide Ores from the Kupferschiefer in Poland ....................... 607  
Stanislaw Z Mikulski, Holly J Stein 
U-Pb  Monazite  Dating  of  the  Sn-W-Mo-Bearing  Mount  Douglas  Leucogranite,  Southwestern 
New  Brunswick, Canada: Implications for a Link to the Subvolcanic Mount Pleasant Mineralized 
Systems ......................................................................................................................................... 611  
Nadia Mohammadi, David R Lentz, Christopher RM McFarlane 
Variation in Trace Element Composition in Molybdenite: Results of LA-ICP-MS Study from Different 
Types of Mineralization .................................................................................................................. 615 
Jan Pašava, František Veselovský, Ondřej Pour, Milan Drábek, Patricie Halodová, Martin Svojtka, Lukáš Ackerman, 
Jana Ďurišová, Karel Žák, Eva Haluzová 
Source Area Gold Enrichment and the Formation of Orogenic Gold Deposits .............................. 619 
Iain K Pitcairn 
When Size Does Matter...in Gold Exploration ................................................................................ 623 
Christian Sasseville, Michel Jébrak, Stevenson Ross, André Poirier 
Because a LIBS Map is Worth a Thousand Words in Metallogeny…  ........................................... 627 
Christian Sasseville, Fabrice Surma, Frédéric Pelascini, Vincent Motto-Ros, Vincent Detalle 
Sulfur Sources in the Glenburgh Orogenic Gold Deposit .............................................................. 631 
Vikraman Selvaraja, Marco L Fiorentini, Sandra Occhipinti, Boswell Wing, Thi-Hao Bui, Lisa Roche, Julian 
Goldsworthy 
Magnetite Crystallisation as a Control of Mineral-Melt Partitioning of Divalent Cations................. 635 
Robert H Sievwright, Jamie J Wilkinson  
Evaluation of QEMSCAN® Based Quantitative Mineralogical Tools for the Investigation of 
Hydrothermal Mineralization – a Case Study from the RWTH-1 Well (Germany) ......................... 639 
Sven Sindern, Lars Gronen, Franz Michael Meyer 
Rare Earth Elements Related to Major Tertiary Volcanic Complexes in the Republic of 
Macedonia ..................................................................................................................................... 643 
Goran Tasev, Todor Serafimovski 
The Ag Isotope Systematics in Native Silver from Some Hydrothermal Deposits: Toward a New Tool 
for Mineral Deposits Studies .......................................................................................................... 647 
Svetlana G Tessalina, Kai Rankenburg, Evgeni Naumov, Nikolay A Goryachev, Natalia E Savva 
New U-Pb Baddeleyite Age and Paleomagnetic Constraints for the Uitkomst Complex in South 
Africa: Clues to the Timing of Intrusion .......................................................................................... 651 
Hervé Wabo, MO de Kock, F Humbert, JR Olsson, U Söderlund  
Mokrsko Gold Deposit: Cathodoluminescence Textures of Hydrothermal Quartz, Fluorite and 
Geochronology - Supporting Evidence for Intrusion Related Gold Deposit ................................... 655 
Vojtech Wertich, Jaromir Leichmann, Marek Dosbaba 
Copper Isotope Fractionation at High-Temperatures during Magmatic and Hydrothermal Processes: 
Insights from the Post-Collisional Dabu Porphyry Cu-Mo Deposit in Southern Tibet .................... 659 
Song Wu, You-Ye Zheng, Xiang Sun, Sheng-Ao Liu, Da Wang 
190Pt-4He Dating of Platinum Mineralization ................................................................................... 663 
Olga Yakubovich, Alexander Mochalov, Alexander Kotov, Sergey Sluzhenikin, Alexander Okrugin, Martin Danišík, 








MINERAL RESOURCES IN A SUSTAINABLE WORLD • 13th SGA Biennial Meeting 2015. Proceedings, Volume 2394  
Nikola Koglin, Armin Zeh, Alexandre Raphael Cabral, Mareike Decker, Antônio Augusto Seabra Gomes Jr 
Incorporation of Trace Elements into Sphalerite. Case Study from Pb-Zn Mineralizations in Vardar 
Zone, Kosovo ................................................................................................................................. 599 
Joanna Kołodziejczyk, Jaroslav Pršek 
Isotopic Studies on Galena from Different Types of     Pb-Zn Deposits in Portugal and Morocco . 603 
Carlos Marques de Sá, Jamal Auajjar, Fernando Noronha 
Re-Os Ages for Ag-Bearing Cu Sulphide Ores from the Kupferschiefer in Poland ....................... 607  
Stanislaw Z Mikulski, Holly J Stein 
U-Pb  Monazite  Dating  of  the  Sn-W-Mo-Bearing  Mount  Douglas  Leucogranite,  Southwestern 
New  Brunswick, Canada: Implications for a Link to the Subvolcanic Mount Pleasant Mineralized 
Systems ......................................................................................................................................... 611  
Nadia Mohammadi, David R Lentz, Christopher RM McFarlane 
Variation in Trace Element Composition in Molybdenite: Results of LA-ICP-MS Study from Different 
Types of Mineralization .................................................................................................................. 615 
Jan Pašava, František Veselovský, Ondřej Pour, Milan Drábek, Patricie Halodová, Martin Svojtka, Lukáš Ackerman, 
Jana Ďurišová, Karel Žák, Eva Haluzová 
Source Area Gold Enrichment and the Formation of Orogenic Gold Deposits .............................. 619 
Iain K Pitcairn 
When Size Does Matter...in Gold Exploration ................................................................................ 623 
Christian Sasseville, Michel Jébrak, Stevenson Ross, André Poirier 
Because a LIBS Map is Worth a Thousand Words in Metallogeny…  ........................................... 627 
Christian Sasseville, Fabrice Surma, Frédéric Pelascini, Vincent Motto-Ros, Vincent Detalle 
Sulfur Sources in the Glenburgh Orogenic Gold Deposit .............................................................. 631 
Vikraman Selvaraja, Marco L Fiorentini, Sandra Occhipinti, Boswell Wing, Thi-Hao Bui, Lisa Roche, Julian 
Goldsworthy 
Magnetite Crystallisation as a Control of Mineral-Melt Partitioning of Divalent Cations................. 635 
Robert H Sievwright, Jamie J Wilkinson  
Evaluation of QEMSCAN® Based Quantitative Mineralogical Tools for the Investigation of 
Hydrothermal Mineralization – a Case Study from the RWTH-1 Well (Germany) ......................... 639 
Sven Sindern, Lars Gronen, Franz Michael Meyer 
Rare Earth Elements Related to Major Tertiary Volcanic Complexes in the Republic of 
Macedonia ..................................................................................................................................... 643 
Goran Tasev, Todor Serafimovski 
The Ag Isotope Systematics in Native Silver from Some Hydrothermal Deposits: Toward a New Tool 
for Mineral Deposits Studies .......................................................................................................... 647 
Svetlana G Tessalina, Kai Rankenburg, Evgeni Naumov, Nikolay A Goryachev, Natalia E Savva 
New U-Pb Baddeleyite Age and Paleomagnetic Constraints for the Uitkomst Complex in South 
Africa: Clues to the Timing of Intrusion .......................................................................................... 651 
Hervé Wabo, MO de Kock, F Humbert, JR Olsson, U Söderlund  
Mokrsko Gold Deposit: Cathodoluminescence Textures of Hydrothermal Quartz, Fluorite and 
Geochronology - Supporting Evidence for Intrusion Related Gold Deposit ................................... 655 
Vojtech Wertich, Jaromir Leichmann, Marek Dosbaba 
Copper Isotope Fractionation at High-Temperatures during Magmatic and Hydrothermal Processes: 
Insights from the Post-Collisional Dabu Porphyry Cu-Mo Deposit in Southern Tibet .................... 659 
Song Wu, You-Ye Zheng, Xiang Sun, Sheng-Ao Liu, Da Wang 
190Pt-4He Dating of Platinum Mineralization ................................................................................... 663 
Olga Yakubovich, Alexander Mochalov, Alexander Kotov, Sergey Sluzhenikin, Alexander Okrugin, Martin Danišík, 
Brad McDonald, Noreen Evans, Brent Mclnnes 
  
 
Session 5 ................................................................................................................................ 665 
Strategic metals: sources and ore-forming processes 
Nb-Ta Oxide Minerals of Alluvial Placers from the Sunsás Belt, Precambrian Shield of Bolivia ... 667  
Pura Alfonso, Josep Oliva, Daniel Calvo, David Parcerisa, Maite García-Valles 
Advanced Identification and Discrimination of Indium-Bearing Minerals by Automated 
Mineralogy ..................................................................................................................................... 671 
Kai Bachmann, Max Frenzel, Jens Gutzmer 
Is the Nb-Ta Fractionation a Marker of an Interaction with Fluids in Peraluminous Granites? ...... 675 
Christophe Ballouard, Marc Poujol, Philippe Boulvais, Yannick Branquet, Romain Tartèse, Jean-Louis Vigneresse 
An Indium-Enriched Polymetallic Vein from Freiberg, Germany – a Perfect Site for Experimental In-
Situ Bioleaching of Strategic Metals in Complex Ores? ................................................................. 679 
Matthias E Bauer, Thomas Seifert 
Germanium Distribution and Isotopic Study in Sulphides from MVT-Related and VMS-Remobilised 
Ore Deposits .................................................................................................................................. 683 
Rémi Belissont, Marie-Christine Boiron, Béatrice Luais, Philippe Muchez, Daniel PS de Oliveira, Manuel Muñoz 
Metamorphosed Gold Deposit from Orlik near Humpolec, Czech Republic .................................. 687 
Zbyněk Buřival, Lenka Losertová 
Huanuni, Bonanza and La Suerte Mines: Mineralogy, Geochemistry and Structure ..................... 691 
Andreu Cacho, Joan Carles Melgarejo, Lisard Torró, Laia Arqués, Álvaro Martínez, Belén Torres, David Artiaga, 
Esperança Tauler, Ramiro Condori, Néstor Guevara, Osvado Arce, Pura Alfonso 
On the Indium and Selenium Distribution and Mineral Allocation at the Neves Corvo Deposit, 
Portugal .......................................................................................................................................... 695 
João RS Carvalho, Álvaro MM Pinto, Jorge MRS Relvas, Nelson Pacheco, Ricardo Fonseca, Sandra Santos, Paulo 
Caetano, Tiago Reis, Miguel Gonçalves  
A Shallow Metamorphic Source for Tungsten (Scheelite) in the Turbidite-Hosted Orogenic Gold 
Deposits of the Otago Schist, New Zealand .................................................................................. 699  
Ben Cave, Ross R Large, Dave Craw 
Grey Monazite Paleoplacers in Lower Cretaceous Continental Formations in the Mons Basin, 
Belgium .......................................................................................................................................... 703 
Corentin Cobert, Jean-Marc Baele, Philippe Boulvais, Sophie Decrée, Nicolas Dupont, Paul Spagna 
Mineral Hosts for Critical Metals in Hydrothermal Ores ................................................................. 707 
Nigel J Cook, Cristiana L Ciobanu 
Tourmaline-Pyrite Assemblage in Gold Mineralization of Cadillac Fault in Abitibi, Quebec .......... 711  
Lucille Daver, Christian Sasseville, Michel Jébrak 
Sulphide Compositional Systematics using LA-ICP-MS: Insights into Distribution of Volatile Elements 
and Application in VMS Exploration ............................................................................................... 713 
Azam Soltani Dehnavi, David R Lentz, Christopher RM McFarlane 
Innovative and Multi-Disciplinary Approach for Discussing the Emplacement of Variscan LCT-
Pegmatite Fields .......................................................................................................................................... 717 
Sarah Deveaud, Laurent Guillou-Frottier, Romain Millot, Eric Gloaguen, Yannick Branquet, Arnaud Villaros, Michel 
Pichavant, David Barbosa da Silva 
The Metallogenic Vocation of the Second Phase of the Hercynian Magmatism: Recent Insights into 
the Petrology of the Mo-Bearing Leucogranitic suite of SW Sardinia, Italy .................................... 721 
Sandro Fadda, Maddalena Fiori, Carlo Matzuzzi, Marcello Miscali, Stefano Naitza 
Geochemical and Mineralogical Characteristics of REE in Granite-Derived Regolith of the 
Southeastern United States ........................................................................................................... 725 
Nora Foley, Robert Ayuso, Bernard Hubbard, Carleton Bern, Anjana Shah 
Concentration of Ga, Ge, In and Fe in Sphalerite as a Function of Deposit Type - A Meta-
Analysis .......................................................................................................................................... 729 






Nikola Koglin, Armin Zeh, Alexandre Raphael Cabral, Mareike Decker, Antônio Augusto Seabra Gomes Jr 
Incorporation of Trace Elements into Sphalerite. Case Study from Pb-Zn Mineralizations in Vardar 
Zone, Kosovo ................................................................................................................................. 599 
Joanna Kołodziejczyk, Jaroslav Pršek 
Isotopic Studies on Galena from Different Types of     Pb-Zn Deposits in Portugal and Morocco . 603 
Carlos Marques de Sá, Jamal Auajjar, Fernando Noronha 
Re-Os Ages for Ag-Bearing Cu Sulphide Ores from the Kupferschiefer in Poland ....................... 607  
Stanislaw Z Mikulski, Holly J Stein 
U-Pb  Monazite  Dating  of  the  Sn-W-Mo-Bearing  Mount  Douglas  Leucogranite,  Southwestern 
New  Brunswick, Canada: Implications for a Link to the Subvolcanic Mount Pleasant Mineralized 
Systems ......................................................................................................................................... 611  
Nadia Mohammadi, David R Lentz, Christopher RM McFarlane 
Variation in Trace Element Composition in Molybdenite: Results of LA-ICP-MS Study from Different 
Types of Mineralization .................................................................................................................. 615 
Jan Pašava, František Veselovský, Ondřej Pour, Milan Drábek, Patricie Halodová, Martin Svojtka, Lukáš Ackerman, 
Jana Ďurišová, Karel Žák, Eva Haluzová 
Source Area Gold Enrichment and the Formation of Orogenic Gold Deposits .............................. 619 
Iain K Pitcairn 
When Size Does Matter...in Gold Exploration ................................................................................ 623 
Christian Sasseville, Michel Jébrak, Stevenson Ross, André Poirier 
Because a LIBS Map is Worth a Thousand Words in Metallogeny…  ........................................... 627 
Christian Sasseville, Fabrice Surma, Frédéric Pelascini, Vincent Motto-Ros, Vincent Detalle 
Sulfur Sources in the Glenburgh Orogenic Gold Deposit .............................................................. 631 
Vikraman Selvaraja, Marco L Fiorentini, Sandra Occhipinti, Boswell Wing, Thi-Hao Bui, Lisa Roche, Julian 
Goldsworthy 
Magnetite Crystallisation as a Control of Mineral-Melt Partitioning of Divalent Cations................. 635 
Robert H Sievwright, Jamie J Wilkinson  
Evaluation of QEMSCAN® Based Quantitative Mineralogical Tools for the Investigation of 
Hydrothermal Mineralization – a Case Study from the RWTH-1 Well (Germany) ......................... 639 
Sven Sindern, Lars Gronen, Franz Michael Meyer 
Rare Earth Elements Related to Major Tertiary Volcanic Complexes in the Republic of 
Macedonia ..................................................................................................................................... 643 
Goran Tasev, Todor Serafimovski 
The Ag Isotope Systematics in Native Silver from Some Hydrothermal Deposits: Toward a New Tool 
for Mineral Deposits Studies .......................................................................................................... 647 
Svetlana G Tessalina, Kai Rankenburg, Evgeni Naumov, Nikolay A Goryachev, Natalia E Savva 
New U-Pb Baddeleyite Age and Paleomagnetic Constraints for the Uitkomst Complex in South 
Africa: Clues to the Timing of Intrusion .......................................................................................... 651 
Hervé Wabo, MO de Kock, F Humbert, JR Olsson, U Söderlund  
Mokrsko Gold Deposit: Cathodoluminescence Textures of Hydrothermal Quartz, Fluorite and 
Geochronology - Supporting Evidence for Intrusion Related Gold Deposit ................................... 655 
Vojtech Wertich, Jaromir Leichmann, Marek Dosbaba 
Copper Isotope Fractionation at High-Temperatures during Magmatic and Hydrothermal Processes: 
Insights from the Post-Collisional Dabu Porphyry Cu-Mo Deposit in Southern Tibet .................... 659 
Song Wu, You-Ye Zheng, Xiang Sun, Sheng-Ao Liu, Da Wang 
190Pt-4He Dating of Platinum Mineralization ................................................................................... 663 
Olga Yakubovich, Alexander Mochalov, Alexander Kotov, Sergey Sluzhenikin, Alexander Okrugin, Martin Danišík, 
Brad McDonald, Noreen Evans, Brent Mclnnes 
  
 
Session 5 ................................................................................................................................ 665 
Strategic metals: sources and ore-forming processes 
Nb-Ta Oxide Minerals of Alluvial Placers from the Sunsás Belt, Precambrian Shield of Bolivia ... 667  
Pura Alfonso, Josep Oliva, Daniel Calvo, David Parcerisa, Maite García-Valles 
Advanced Identification and Discrimination of Indium-Bearing Minerals by Automated 
Mineralogy ..................................................................................................................................... 671 
Kai Bachmann, Max Frenzel, Jens Gutzmer 
Is the Nb-Ta Fractionation a Marker of an Interaction with Fluids in Peraluminous Granites? ...... 675 
Christophe Ballouard, Marc Poujol, Philippe Boulvais, Yannick Branquet, Romain Tartèse, Jean-Louis Vigneresse 
An Indium-Enriched Polymetallic Vein from Freiberg, Germany – a Perfect Site for Experimental In-
Situ Bioleaching of Strategic Metals in Complex Ores? ................................................................. 679 
Matthias E Bauer, Thomas Seifert 
Germanium Distribution and Isotopic Study in Sulphides from MVT-Related and VMS-Remobilised 
Ore Deposits .................................................................................................................................. 683 
Rémi Belissont, Marie-Christine Boiron, Béatrice Luais, Philippe Muchez, Daniel PS de Oliveira, Manuel Muñoz 
Metamorphosed Gold Deposit from Orlik near Humpolec, Czech Republic .................................. 687 
Zbyněk Buřival, Lenka Losertová 
Huanuni, Bonanza and La Suerte Mines: Mineralogy, Geochemistry and Structure ..................... 691 
Andreu Cacho, Joan Carles Melgarejo, Lisard Torró, Laia Arqués, Álvaro Martínez, Belén Torres, David Artiaga, 
Esperança Tauler, Ramiro Condori, Néstor Guevara, Osvado Arce, Pura Alfonso 
On the Indium and Selenium Distribution and Mineral Allocation at the Neves Corvo Deposit, 
Portugal .......................................................................................................................................... 695 
João RS Carvalho, Álvaro MM Pinto, Jorge MRS Relvas, Nelson Pacheco, Ricardo Fonseca, Sandra Santos, Paulo 
Caetano, Tiago Reis, Miguel Gonçalves  
A Shallow Metamorphic Source for Tungsten (Scheelite) in the Turbidite-Hosted Orogenic Gold 
Deposits of the Otago Schist, New Zealand .................................................................................. 699  
Ben Cave, Ross R Large, Dave Craw 
Grey Monazite Paleoplacers in Lower Cretaceous Continental Formations in the Mons Basin, 
Belgium .......................................................................................................................................... 703 
Corentin Cobert, Jean-Marc Baele, Philippe Boulvais, Sophie Decrée, Nicolas Dupont, Paul Spagna 
Mineral Hosts for Critical Metals in Hydrothermal Ores ................................................................. 707 
Nigel J Cook, Cristiana L Ciobanu 
Tourmaline-Pyrite Assemblage in Gold Mineralization of Cadillac Fault in Abitibi, Quebec .......... 711  
Lucille Daver, Christian Sasseville, Michel Jébrak 
Sulphide Compositional Systematics using LA-ICP-MS: Insights into Distribution of Volatile Elements 
and Application in VMS Exploration ............................................................................................... 713 
Azam Soltani Dehnavi, David R Lentz, Christopher RM McFarlane 
Innovative and Multi-Disciplinary Approach for Discussing the Emplacement of Variscan LCT-
Pegmatite Fields .......................................................................................................................................... 717 
Sarah Deveaud, Laurent Guillou-Frottier, Romain Millot, Eric Gloaguen, Yannick Branquet, Arnaud Villaros, Michel 
Pichavant, David Barbosa da Silva 
The Metallogenic Vocation of the Second Phase of the Hercynian Magmatism: Recent Insights into 
the Petrology of the Mo-Bearing Leucogranitic suite of SW Sardinia, Italy .................................... 721 
Sandro Fadda, Maddalena Fiori, Carlo Matzuzzi, Marcello Miscali, Stefano Naitza 
Geochemical and Mineralogical Characteristics of REE in Granite-Derived Regolith of the 
Southeastern United States ........................................................................................................... 725 
Nora Foley, Robert Ayuso, Bernard Hubbard, Carleton Bern, Anjana Shah 
Concentration of Ga, Ge, In and Fe in Sphalerite as a Function of Deposit Type - A Meta-
Analysis .......................................................................................................................................... 729 
Max Frenzel, Tamino Hirsch, Jens Gutzmer 
  
MINERAL RESOURCES IN A SUSTAINABLE WORLD • 13th SGA Biennial Meeting 2015. Proceedings, Volume 2396  
Ore-Forming  Processes  and  Ore  Occurrences  of  the  Eastern  Greater  Caucasus  Georgian 
Segment ......................................................................................................................................... 733 
Nona Gagnidze, Avtandil Okrostsvaridze 
Trace Element Partitioning between Co-Existing Sphalerite, Galena and Chalcopyrite ................ 737 
Luke George, Nigel J Cook, Cristiana L Ciobanu 
Critical Metals in Sphalerites from Belgian MVT Deposits ............................................................. 741 
Vincent Goffin, Maxime Evrard, Eric Pirard 
Trace Elements in Cassiterite from the Bolivian Tin Belt ............................................................... 745 
Simon Goldmann, Hans-Eike Gäbler, Frank Melcher 
The Puy-les-Vignes Breccia Pipe (Massif Central, France): a Unique Occurrence of Polymetallic W-
Nb±Ta-HREE-Bi-Cu-As±Au-Ag Mineralization in the Variscan Belt .............................................. 749 
Matthieu Harlaux, Christian Marignac, Michel Cuney, Julien Mercadier  
Strategic and Critical Element Potential and Certainty in Alaska: Quantitative Evaluations from a 
New Data-Driven, Geographic Information System-Based Method ............................................... 753 
Timothy S Hayes, James V Jones, III, Susan M Karl, Keith A Labay, Jeanine M Schmidt, Nora B Shew, Erin Todd, 
Bronwen Wang, Matthew Granitto, Jeffrey L Mauk, Douglas B Yager, Melanie B Werdon  
Turning Yesterday´s Waste into Tomorrow´s Treasure: Searching for Base and Critical Metals in 
Central Sweden´s Ancient Mine Dumps ........................................................................................ 757 
Karin Högdahl, Erik Jonsson*, Aris Kritikos, Fredrik Sahlström  
Tungsten Mineralization Events and Related Granites in Dahutang Ore Field, Jiangnan Orogen, 
Southeast China ............................................................................................................................ 761 
Lanchun Huang, Shaoyong Jiang, Yaoqiu Kuang 
Magmatic-Hydrothermal Origin for Tungsten in the Quartz Vein Deposits of the Karagwe-Ankole Belt 
(Rwanda) ....................................................................................................................................................... 765 
Niels Hulsbosch, Philippe Muchez, Marie-Christine Boiron, Stijn Dewaele 
Internal Evolution and Disequilibrium Crystallization of a Highly Fractionated, Sn-Nb-Ta-Bearing 
Granite-Pegmatite System: a Case Study from the Říčany Pluton, Czech Republic ..................... 769 
Tereza Jandová*, David Dolejš, Jakub Trubač 
Characterization of the Hydrothermal Sn-Polymetallic “Felsitzone” Mineralization of Großschirm, 
Freiberg Mining District, Saxony, Germany ................................................................................... 773  
Tom Járóka, Thomas Seifert 
Mineralogical Characterization of Sn Deposits from the Santa Fe District, Bolivia ........................ 777 
Abigail Jiménez, Pura Alfonso, Carles Canet, Maite Garcia-Valles, Juan Elvys Trujillo 
Apatite-Iron Oxide-Hosted REE Mineralisation at Kopslahyttan, NW Bergslagen, Sweden .......... 781 
Erik Jonsson, Karin Högdahl, Katarina Persson Nilsson, Fredrik Hellström  
Indium Mineralization in Epithermal Polymetallic Deposits of Patagonia Argentina ...................... 785 
Sebastián Jovic, Luciano López, Diego Guido, Juan Redigonda, Gerardo Páez, Remigio Ruiz 
Measurements by Portable XRF Spectrometer for Prospecting in Granitoid and Greisen Environment 
in Comparison with Conventional Analytical Method: Case Study CS-1 Borehole (Cínovec, Krušné 
Hory Mts, Czech Republic) ............................................................................................................ 789 
Ilja Knesl, Petr Rambousek, Tereza Jandová, Karel Breiter 
Hydrothermal Activity Related to Perigranitic W-Sn Mineralization in the Maoping Deposit (Jiangxi, 
China) ............................................................................................................................................ 791 
Hélène Legros, Julien Mercadier, Antonin Richard, Michel Cuney, Christian Marignac, Rucheng Wang 
Hydrothermal Controls on the Formation of REE Deposits: Insights from In Situ XAS Study of REE 
(Nd, Gd, Yb) Solubility and Speciation in High Temperature Fluids (T < 600 °C) .......................... 795 
Marion Louvel, John Mavrogenes, Amelie Bordage, Denis Testemale 
Tungsten Ore Belt in Yangtze Craton: Distribution and their Geodynamic Setting ........................ 799  
Jingwen Mao, Guiqing Xie, Shenghua Wu, Zhihao Mao, Bikang Xiong 
Context and Geochemistry of Ga-Ge-In-Rich Sphalerite in Pb-Zn-Cu-Ag Ores at St. Philippos (Kirki), 
NE Greece ..................................................................................................................................... 803 
Robert Marschik, Eckhard Schmidt, Jan Huch, Stefan Hölzl 
 
Rare-Elements (Li-Be-Ta-Sn-Nb) Magmatism in the European Variscan Belt, a Review .............. 807 
Jérémie Melleton, Eric Gloaguen, Dirk Frei 
Concentration of Strategic Metals at the Magmatic-Hydrothermal Transition in Roof Zone Granitoids: 
Origins of Soil Chemical Anomalies in the Mourne Mountains, Northern Ireland .......................... 811 
Kathryn R Moore, Norman R Moles, Paul AJ Lusty 
Factors Controlling the Occurrence of Ta-Nb-Sn Pegmatites in the Gatumba Area (Rwanda): 
Implications for Exploration ............................................................................................................ 815 
Philippe Muchez, Niels Hulsbosch, Stijn Dewaele  
New Sn-W Potential at the Zinnwald/Cínovec Deposit, Eastern Erzgebirge, Germany................. 819  
Jörg Neßler, Thomas Seifert, Jens Gutzmer 
Evaluation of the High-tech Metal Potential in Base Metal Mineralizations of the Eastern Alps 
(Austria): Ore Types and Preparation of a Sphalerite LA-ICP-MS Standard ................................. 823 
Peter Onuk, Frank Melcher, Christoph Walkner  
Different Cassiterite Generations at the Panasqueira Deposit (Portugal): Implications for the Metal 
Zonation Model .............................................................................................................................. 827 
Filipe Pinto, Romeu Vieira, Fernando Noronha 
Sb-Deposits in the Variscan Armorican Belt (France) - Potential Relationships with Basic Intrusions 
and High-Density Magnetic Lithologies at Depth ........................................................................... 831  
Anthony Pochon, Denis Gapais, Charles Gumiaux, Yannick Branquet, Eric Gloaguen, Florence Cagnard, Guillaume 
Martelet 
The Li-Rich Aplopegmatite from Castillejo de Dos Casas (Salamanca, Spain): Example of a Highly 
Fractionated Granite-Pegmatite System ........................................................................................ 835    
Encarnacion Roda-Robles, Alfonso Pesquera, Pedro-Pablo Gil-Crespo, Idoia Garate-Olave, José Torres-Ruiz     
Mineralogical and Geochemical Characteristics of the Delitzsch Tungsten Skarn, Central 
Germany ........................................................................................................................................ 839 
Tim Rödel, Gregor Borg, Bodo-Carlo Ehling 
Paragenesis, Geochemistry and Age of Late-Variscan Sn, In and Ag Mineralization in the Marienberg 
District and its Relationship to Mafic and Acidic Magmatic Events, Erzgebirge, Germany ............ 843 
Thomas Seifert 
Sphalerite as a Matrix for Noble, Non-Ferrous Metals and Semi-Metals: a EPMA and LA-ICP-MS 
Study of Synthetic Crystals ............................................................................................................ 847 
Dmitry E Tonkacheev, Dmitriy A Chareev, Vera D Abramova, Elena A Minervina, Marina A Yudovskaya, Boris R 
Tagirov 
The Large Svetlinsk Au-Te Deposit, South Urals: Telluride Mineralization for Genetic 
Reconstructions ............................................................................................................................. 851 
Olga V Vikent’eva, Nikolay S Bortnikov 
Three Types of Secondary Pretulite (ScPO4) from Dolní Bory Pegmatites, Czech Republic - 
Evidence for High 
Sc Mobility in Hydrothermal Environment ...................................................................................... 855 
Jakub Výravský, Milan Novák and Radek Škoda 
Mineralogical and Geochemical Constraints on the Nature of Granite-Hosted W Mineralization at the 
Dajishan W-Ta-Nb Deposit, Nanling Range, SE China ................................................................. 859 
Mingqian Wu, Iain Samson, Dehui Zhang 
Constraints on Tin Mineralization Events by In-Situ Cassiterite LA-ICP-MS U-Pb Ages ............... 861 







Ore-Forming  Processes  and  Ore  Occurrences  of  the  Eastern  Greater  Caucasus  Georgian 
Segment ......................................................................................................................................... 733 
Nona Gagnidze, Avtandil Okrostsvaridze 
Trace Element Partitioning between Co-Existing Sphalerite, Galena and Chalcopyrite ................ 737 
Luke George, Nigel J Cook, Cristiana L Ciobanu 
Critical Metals in Sphalerites from Belgian MVT Deposits ............................................................. 741 
Vincent Goffin, Maxime Evrard, Eric Pirard 
Trace Elements in Cassiterite from the Bolivian Tin Belt ............................................................... 745 
Simon Goldmann, Hans-Eike Gäbler, Frank Melcher 
The Puy-les-Vignes Breccia Pipe (Massif Central, France): a Unique Occurrence of Polymetallic W-
Nb±Ta-HREE-Bi-Cu-As±Au-Ag Mineralization in the Variscan Belt .............................................. 749 
Matthieu Harlaux, Christian Marignac, Michel Cuney, Julien Mercadier  
Strategic and Critical Element Potential and Certainty in Alaska: Quantitative Evaluations from a 
New Data-Driven, Geographic Information System-Based Method ............................................... 753 
Timothy S Hayes, James V Jones, III, Susan M Karl, Keith A Labay, Jeanine M Schmidt, Nora B Shew, Erin Todd, 
Bronwen Wang, Matthew Granitto, Jeffrey L Mauk, Douglas B Yager, Melanie B Werdon  
Turning Yesterday´s Waste into Tomorrow´s Treasure: Searching for Base and Critical Metals in 
Central Sweden´s Ancient Mine Dumps ........................................................................................ 757 
Karin Högdahl, Erik Jonsson*, Aris Kritikos, Fredrik Sahlström  
Tungsten Mineralization Events and Related Granites in Dahutang Ore Field, Jiangnan Orogen, 
Southeast China ............................................................................................................................ 761 
Lanchun Huang, Shaoyong Jiang, Yaoqiu Kuang 
Magmatic-Hydrothermal Origin for Tungsten in the Quartz Vein Deposits of the Karagwe-Ankole Belt 
(Rwanda) ....................................................................................................................................................... 765 
Niels Hulsbosch, Philippe Muchez, Marie-Christine Boiron, Stijn Dewaele 
Internal Evolution and Disequilibrium Crystallization of a Highly Fractionated, Sn-Nb-Ta-Bearing 
Granite-Pegmatite System: a Case Study from the Říčany Pluton, Czech Republic ..................... 769 
Tereza Jandová*, David Dolejš, Jakub Trubač 
Characterization of the Hydrothermal Sn-Polymetallic “Felsitzone” Mineralization of Großschirm, 
Freiberg Mining District, Saxony, Germany ................................................................................... 773  
Tom Járóka, Thomas Seifert 
Mineralogical Characterization of Sn Deposits from the Santa Fe District, Bolivia ........................ 777 
Abigail Jiménez, Pura Alfonso, Carles Canet, Maite Garcia-Valles, Juan Elvys Trujillo 
Apatite-Iron Oxide-Hosted REE Mineralisation at Kopslahyttan, NW Bergslagen, Sweden .......... 781 
Erik Jonsson, Karin Högdahl, Katarina Persson Nilsson, Fredrik Hellström  
Indium Mineralization in Epithermal Polymetallic Deposits of Patagonia Argentina ...................... 785 
Sebastián Jovic, Luciano López, Diego Guido, Juan Redigonda, Gerardo Páez, Remigio Ruiz 
Measurements by Portable XRF Spectrometer for Prospecting in Granitoid and Greisen Environment 
in Comparison with Conventional Analytical Method: Case Study CS-1 Borehole (Cínovec, Krušné 
Hory Mts, Czech Republic) ............................................................................................................ 789 
Ilja Knesl, Petr Rambousek, Tereza Jandová, Karel Breiter 
Hydrothermal Activity Related to Perigranitic W-Sn Mineralization in the Maoping Deposit (Jiangxi, 
China) ............................................................................................................................................ 791 
Hélène Legros, Julien Mercadier, Antonin Richard, Michel Cuney, Christian Marignac, Rucheng Wang 
Hydrothermal Controls on the Formation of REE Deposits: Insights from In Situ XAS Study of REE 
(Nd, Gd, Yb) Solubility and Speciation in High Temperature Fluids (T < 600 °C) .......................... 795 
Marion Louvel, John Mavrogenes, Amelie Bordage, Denis Testemale 
Tungsten Ore Belt in Yangtze Craton: Distribution and their Geodynamic Setting ........................ 799  
Jingwen Mao, Guiqing Xie, Shenghua Wu, Zhihao Mao, Bikang Xiong 
Context and Geochemistry of Ga-Ge-In-Rich Sphalerite in Pb-Zn-Cu-Ag Ores at St. Philippos (Kirki), 
NE Greece ..................................................................................................................................... 803 
Robert Marschik, Eckhard Schmidt, Jan Huch, Stefan Hölzl 
 
Rare-Elements (Li-Be-Ta-Sn-Nb) Magmatism in the European Variscan Belt, a Review .............. 807 
Jérémie Melleton, Eric Gloaguen, Dirk Frei 
Concentration of Strategic Metals at the Magmatic-Hydrothermal Transition in Roof Zone Granitoids: 
Origins of Soil Chemical Anomalies in the Mourne Mountains, Northern Ireland .......................... 811 
Kathryn R Moore, Norman R Moles, Paul AJ Lusty 
Factors Controlling the Occurrence of Ta-Nb-Sn Pegmatites in the Gatumba Area (Rwanda): 
Implications for Exploration ............................................................................................................ 815 
Philippe Muchez, Niels Hulsbosch, Stijn Dewaele  
New Sn-W Potential at the Zinnwald/Cínovec Deposit, Eastern Erzgebirge, Germany................. 819  
Jörg Neßler, Thomas Seifert, Jens Gutzmer 
Evaluation of the High-tech Metal Potential in Base Metal Mineralizations of the Eastern Alps 
(Austria): Ore Types and Preparation of a Sphalerite LA-ICP-MS Standard ................................. 823 
Peter Onuk, Frank Melcher, Christoph Walkner  
Different Cassiterite Generations at the Panasqueira Deposit (Portugal): Implications for the Metal 
Zonation Model .............................................................................................................................. 827 
Filipe Pinto, Romeu Vieira, Fernando Noronha 
Sb-Deposits in the Variscan Armorican Belt (France) - Potential Relationships with Basic Intrusions 
and High-Density Magnetic Lithologies at Depth ........................................................................... 831  
Anthony Pochon, Denis Gapais, Charles Gumiaux, Yannick Branquet, Eric Gloaguen, Florence Cagnard, Guillaume 
Martelet 
The Li-Rich Aplopegmatite from Castillejo de Dos Casas (Salamanca, Spain): Example of a Highly 
Fractionated Granite-Pegmatite System ........................................................................................ 835    
Encarnacion Roda-Robles, Alfonso Pesquera, Pedro-Pablo Gil-Crespo, Idoia Garate-Olave, José Torres-Ruiz     
Mineralogical and Geochemical Characteristics of the Delitzsch Tungsten Skarn, Central 
Germany ........................................................................................................................................ 839 
Tim Rödel, Gregor Borg, Bodo-Carlo Ehling 
Paragenesis, Geochemistry and Age of Late-Variscan Sn, In and Ag Mineralization in the Marienberg 
District and its Relationship to Mafic and Acidic Magmatic Events, Erzgebirge, Germany ............ 843 
Thomas Seifert 
Sphalerite as a Matrix for Noble, Non-Ferrous Metals and Semi-Metals: a EPMA and LA-ICP-MS 
Study of Synthetic Crystals ............................................................................................................ 847 
Dmitry E Tonkacheev, Dmitriy A Chareev, Vera D Abramova, Elena A Minervina, Marina A Yudovskaya, Boris R 
Tagirov 
The Large Svetlinsk Au-Te Deposit, South Urals: Telluride Mineralization for Genetic 
Reconstructions ............................................................................................................................. 851 
Olga V Vikent’eva, Nikolay S Bortnikov 
Three Types of Secondary Pretulite (ScPO4) from Dolní Bory Pegmatites, Czech Republic - 
Evidence for High 
Sc Mobility in Hydrothermal Environment ...................................................................................... 855 
Jakub Výravský, Milan Novák and Radek Škoda 
Mineralogical and Geochemical Constraints on the Nature of Granite-Hosted W Mineralization at the 
Dajishan W-Ta-Nb Deposit, Nanling Range, SE China ................................................................. 859 
Mingqian Wu, Iain Samson, Dehui Zhang 
Constraints on Tin Mineralization Events by In-Situ Cassiterite LA-ICP-MS U-Pb Ages ............... 861 






Developments in elementary and isotope geochemistry, source tracing and geochronology 561
Acknowledgements 
 
This research was financially supported by the National 
Natural Science Foundation of China (grant no. 
41320104003; 41172086; 41172084; 40830426), China 
Geological Survey (grant n°1212011121115; 
1212011220369), and Australian Research Council’s 
Centre of Excellence Funding (Project N°P2.B1B.), 




Gu LX, Hu WX, He JX, Ni P, Xu KQ (2000) Regional variations 
in ore composition and fluid features of massive sulphide 
deposits in south China: implications for genetic modeling. 
Episodes 23(2):110-118 
Large RR, Danyushevsky L, Hollit C, Maslennikov VV, Meffre S, 
Gilbert S, Bull S, Scott R, Emsbo P, Thomas H, Singh B, 
Foster J (2009) Gold and trace elements zonation in pyrite 
using Laser Imaging Technique: implications for the timing of 
gold in orogenic and Carlin-Style sediment-hosted deposits. 
Econ Geol 104:635-668  
Li HY, Yang ZS, Meng YF, Zeng PS, Xu WY (2004) Geological 
characteristics of massive sulfide deposits in Tongling ore 
concentration area, Anhui province. Mineral Deposits 
23(3):327-333 (in Chinese with English abstract) 
Mao JW, Wang YT, Lehmann B, Yu JJ, Du AD, Mei YX, Li YF, 
Zang WS, Stein HJ, Zhou TF (2006) Molybdenite Re–Os and 
albite 40Ar/39Ar dating of Cu–Au–Mo and magnetite prophyry 
systemsin the Yangtze River valley and metalloenic 
implications. Ore Geol Rev 29:307-324 
Mao JW, Shao YJ, Xie GQ, Zhang JD, Chen YC (2009) Mineral 
deposit model for porphyry-skarn polymetallic copper deposits 
in Tongling ore dense district of middle-lower Yangtze Valley 
metallogenic belt. Mineral Deposits 28(2):109-119 (in Chinese 
with English abstract) 
Meng LY (1996) Mineral deposit model for copper deposits in 
middle–lower Yangtze Valley metallogenic belt. Science in 
China (Series D) 26:21-25 (in Chinese). 
Pan Y, Dong P (1999) The Lower Changjiang (Yangzi/Yangtze 
River) metallogenic belt, East China: intrusion- and wall rock 
hosted Cu–Fe–Au, Mo, Zn, Pb, Ag deposits. Ore Geol Rev 
15:177-242 
Tang YC, Wu YC, Chu GZ (1998) Geology of Copper-Gold 
Polymetallic Deposits in the Along-Changjiang Area of Anhui 
Province (in Chinese with English abstract). Beijing, Geol Pub 
House pp60-85 
Wang YB, Liu DY (2004) SHRIMP U–Pb geochronology of the 
Xinqiao Cu–S–Fe–Au deposit in the Tongling ore district, 
Anhui. Geology in China 31(2):169-173 (in Chinese with 
English abstract) 
Wang Y, Zhu XK, Mao JW, Li ZH, Cheng YB (2011) Iron isotope 
fractionation during skarn-type metallogeny: A case study of 
Xinqiao Cu-S-Fe-Au deposit in the Middle–Lower Yangtze 
valley. Ore Geol Rev 43:194-202 
Xu G Zhou J (2001) The Xinqiao Cu–S–Fe–Au deposit in the 
Tongling mineral district, China: synorogenetic remobilization 
of a stratiform sulfide deposit. Ore Geol Rev 18:77-94 
Zhai YS, Xiong YY, Yao SZ, Liu XD (1996) Metallogeny of 
copper and iron deposits in the Eastern Yangtze Craton, east-















Developments in element and isotope geochemistry, 





Leonid Danyushevsky, Julien Mercadier, Laurie Reisberg 
  
Developments in elementary and isotope geochemistry, source tracing and geochronology 643
excitation of atoms with the electron beam. The volume 
of excitation in the mineral is mainly controlled by the 
acceleration voltage of the scanning electron microscope 
and by the mean atomic mass of the sample. For the 
analytical conditions of a QEMSCAN® step widths < 2 
µm lead to substantial overlap of volumes of excitation 
and therefore to mixed element information in silicate or 
carbonate minerals (Gronen unpublished data). Thus, 
grains or textural features smaller than the volume of 
excitation cannot be reliably visualized by QEMSCAN®. 
As was recently also shown by Rosenbrand et al. (2014) 
in a study of hydrothermal mineral reactions in 
sandstones QEMSCAN® images may best be combined 
with BSE or SE images obtained with the SEM at 
smaller step widths. 
The precision of element information derived from 
spectral data depends on the quality of the polished 
sample surface as well as on the sum of pulses detected 
at each step. The quality of the polished sample surface 
may be variable in particular in samples composed of 
fine-grained minerals such as clays. In order to enhance 
the precision of spectral data the sum of pulses detected 
per step can be increased from 1000, as used in a 
standard procedure, to higher values. This of course 
substantially increases the duration of an analysis. 
Differentiation of chemically similar phases (e.g. clays) 
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Rare Earth Elements Related to Major Tertiary Volcanic 
Complexes in the Republic of Macedonia 
 
Goran Tasev, Todor Serafimovski 




Abstract. The latest REE data for analyzed samples of 
trachyandesite, andesite, trachydacite, dacite and rhyolite 
from the Sasa-Toranica, Kratovo-Zletovo and Buchim-
Damjan-Borov Dol volcanic areas are presented. New 
REE data including negative Eu anomalies, 0.7277-
0.9036, along with determined La/Yb ratios ranging from 
11.9 to 29.6  confirm inferred material source from the 
contact zone between the lower crust and upper mantle 
where contamination of primary melt occured. These new 
data reconfirm previous results, provide slightly new 
insight into the Tertiary magmatism of the entire district, 
and suggest the exact origin of the material that 
produced the Tertiary magmatic rocks. 
 




Extensive volcanic activity, accompanied by intrusion of 
minor plutons, took place in the Macedonian part of the 
Dinaride system during the Late Tertiary (Boev and Ya-
nev 2001). These magmatic rocks represent part of a 
1200 km long magmatic zone extending from southea-
stern Austria to Turkey (Harkovska et al. 1989). The 
magmatic rocks outcrop essentially in the Serbo-Mace-
donian massif and in the Vardar zone (Fig. 1). At the 
territory of the Republic of Macedonia the Tertiary mag-
matism prevails in its eastern parts, where the most 
remarkable are the Kratovo-Zletovo volcanic area, follo-
wed by the Buchim-Damjan-Borov Dol area and the 
easternmost Toranica-Sasa volcanic area.  
The Kratovo-Zletovo is the largest magmatic area in 
Macedonia with a surface of 1200 km2. It is also a very 
important mining area with significant Pb-Zn deposits. 
Volcanic rocks occurring in the area are: latites and 
andesites accompanied by dacites to trachydacites, ande-
site-dacite ignimbrites, dacite. Intrusive or plutonic rocks 
are represented by the quartz-monzonitic to monzonitic 
representatives. Many authors  studied this area (Stoja-
nov 1974; Serafimovski 1990; Stojanov and Serafimo-
vski 1990; Serafimovski and Boev 1996).  
The Buchim-Borov Dol area is a small volcanic area 
of high metallogenic importance because it contains the 
active Bucim porphyry copper deposit. According to the 
chemical composition, the volcanic rocks vary from lati-
tes, through trachydacites-trachytes to trachyrhyolites 
(Serafimovski et al. 1996; Lehmann et al. 2013). 
The Sasa-Toranica area as part of the Tertiary volca-
nic complex in the Osogovo-Besna Kobila (Sasa-Tora-
nica ore district) area regionally strike NW-SE for seve-
ral tens of kilometers on both sides of Macedonian-Bulg-
rian border. Volcanic rocks are represented as dacitic 
tuffs, dacites, quartzlatites, rhyolites, trachy-andezites, 
andesite-latites and occasionally lamprophyres (Simic, 
1997; Pendjerkovski  1965; Aleksandrov 1992; Serafi-
movski 1990, 1993; Boev and Yanev 2001).  
The K-Ar absolute ages range from 31 to 14 Ma con-
firming Oligocene-Miocene age as previously determi-
ned by relative methods. 87Sr/86Sr ratios (0.70954 to 
0.71126) suggest material is sourced from the contact 
zone between the lower crust and upper mantle where 
contamination of primary melt occured. 
The aims of this paper are to summarize our latest 
Rare Earth Elements (REE) study and our efforts to 
enlighten the origin of Tertiary volcanic magmas along 




Figure 1. Simplified map of the studied areas. WMZ-Western 





The field sampling took place within the boundaries of 
earlier mentioned three Tertiary volcanic complexes, 
Toranica-Sasa, Kratovo-Zletovo and Buchim-Damjan-
Borov Dol. Twelve rock samples were sampled, four for 
each complex. After detailed sampling and preparation 
(rock samples were sieved and finely powdered) at the 
Faculty of Natural and Technical Sciences, University 
“Goce Delcev” in Stip, Republic of Macedonia, samples 
were sent to the Actlabs in Canada (INAA REE ana-
lysis). Achieved analytical precision was better than 5%.  
   
3 Results and discussion 
 
As we already mentioned, selection of twelve samples 
from Tertiary magmatic rocks from Eastern Macedonia 
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were analyzed for REE concentrations. REE concentrati-
on data for twelve samples are presented in Table 1 and 
plotted in a chondrite-normalized spider diagram (Figure 
2).  
 
Table 1. Rare earth elements in rocks from the Toranica-Sasa, Kratovo-Zletovo and Buchim-Damjan-Borov Dol (in ppm). 
 
Sample 
TS1 TS7 TS9 TS13 KZ2 KZ5 KZ7 KZ8 BD1 BD4 BD5 BD6 Element 
La 53.10 52.01 39.64 44.88 58.40 32.65 50.66 28.64 32.78 68.27 44.86 67.52 
Ce 106.42 95.41 72.06 79.32 106.24 61.09 90.39 53.91 59.54 119.26 86.72 118.34 
Pr 13.35 11.36 8.08 9.72 12.07 7.35 9.98 6.25 7.12 13.64 10.47 12.99 
Nd 52.49 42.14 28.26 35.24 43.59 27.53 35.17 22.76 27.07 48.20 38.80 45.95 
Sm 9.25 7.48 5.07 6.79 7.72 5.42 5.92 4.30 5.14 8.32 7.00 7.66 
Eu 2.22 1.68 1.11 1.65 1.79 1.40 1.34 1.13 1.45 2.00 1.52 1.86 
Gd 7.27 5.86 4.28 6.48 6.12 5.03 4.95 4.09 4.70 6.79 5.56 6.14 
Tb 0.93 0.78 0.61 0.98 0.80 0.80 0.70 0.65 0.71 0.88 0.75 0.80 
Dy 4.47 3.98 3.30 5.24 4.18 4.53 3.71 3.77 3.87 4.51 3.78 4.30 
Ho 0.78 0.73 0.64 1.00 0.78 0.93 0.71 0.74 0.78 0.83 0.69 0.80 
Er 2.15 2.09 1.82 2.75 2.20 2.68 2.09 2.20 2.25 2.33 1.91 2.34 
Tm 0.30 0.31 0.28 0.38 0.33 0.42 0.33 0.34 0.34 0.33 0.28 0.33 
Yb 1.98 2.02 1.87 2.30 2.14 2.74 2.13 2.21 2.26 2.30 1.89 2.31 
Lu 0.30 0.30 0.29 0.35 0.32 0.41 0.31 0.35 0.33 0.34 0.28 0.34 
                                  
TS1-Trachydacite; TS7-Trachydacite; TS9-Dacite; TS13-Dacite; KZ-2Trachydacite; KZ-5 Trachyandesite; KZ-7 Rhyolite; KZ-8 Dacite;  
BD-1 Trachyandesite; BD-4 Trachyandesite; BD-5 Trachydacite; BD-6 Trachydacite. 
 
According to data of rare earth elements concentra-
tions in Table 1, chondrite-normalized REE plot acco-
rding to Sun and McDonough (1989) is displayed in 
Figure 2 below, to show the REE concentration pattern 
in the Tertiary magmatic rocks in the areas of interest. 
 
 
Figure 2. REE plot of chondrite normalized values (Sun and McDonough, 1989) in samples from the  Tertiary magmatic rocks 
in the areas of interest 
 
From the plot above is observed that there is a rela-
tive enrichment of Light Rare Earth Elements (LREE, 
La-Nd) over Heavy Rare Earth Elements (HREE, Er-
Lu) (Figure. 2) in the Tertiary magmatic rocks from the 
Eastern Macedonia. This could be due to fractionation 
of LREE and their increase compared to chondrite 
values (Rollinson 1992). Such a fractionation the most 
often is consequence of partial melting that according 
to the curve slope is not of some higher intensity.  
Another parameter used to describe REE data is the 
europium anomaly (Eu/Eu*), which is based on an ide-
alized, smooth REE distribution. Europium, like the ot-
her lanthanides, occurs in a trivalent (3+) oxidation sta-
te, but can also be reduced to (2+) under certain conditi-
ons. Europium anomalies are primarily due to the pre-
ferential incorporation of the divalent form into plagio-
clase as a substitute for strontium (2+) in reducing mag-
mas (Taylor and McLennan 1981, 1995). Observing 
the middle part of our plots we found that there are 
slight deviations of Eu, from the supposed “ideal” line 
between the Sm and Gd. In that direction were calcu-
lated Eu anomalies, as a geometric mean, by the equati-











where: Eu/Eu* - represents the ratio of the actual concentra-
tion of europium in the sample to the ideal 
concentration, assuming an REE distribution 
profile matching that of a reference material, 
in this case chondrites (dimensionless), 
[Eu]N - the chondrite-normalized concentration of 
europium (dimensionless), 
[Sm]N - the chondrite-normalized concentration of 
samarium (dimensionless), and 
[Gd]N is the chondrite-normalized concentration of 
gadolinium (dimensionless). 
Values of Eu/Eu* greater than 1.0 indicates a posit-
ive anomaly while a value less than 1.0 is considered 
negative anomaly (Taylor and McLennan 1985). In 
such manner calculated values are displayed within the 
Table 2:  
 
Table 2. Eu anomaly values calculated for particular 
samples of Tertiary rocks. 
 
   
Sample 
















Calculated values of Eu/Eu* anomalies confirmed 
slightly negative Eu anomaly, ranging from 0.7276697 
to 0.9036076 for the entire set of samples (coupled 
with the mean Eu/Eu* value of 0.7979347) or by areas, 
Toranica-Sasa (0.7276697-0.8289057), Kratovo-Zle-
tovo (0.7556627-0.8224152) and Buchim-Borov Dol 
(0.7441942-0.9036076). These values suggest that the 
plagioclase was separated from the magma prior to 
solidification and the rock formed resulted with deple-
tion of europium (Taylor and McLennan 1981, 1985; 
Rollinson 1992), due to processes of fraction crystali-
zation or partial melting of rock(s) that contained felds-
par, which was indicated by the variations of Ba and Sr 
contents relative to Rb and variation of Y, too. As it is 
known the fractionation in these areas, judging by the 
slope of plot curve is of medium to small intensity, 
which is in direct line with studies of porphyry Cu-Mo 
and some other polymetallic deposits around the World 
that are related with ocean and continental arc settings 
of Cenozoic age (Titley and Beane 1981; Richards 
2003; Cooke et al. 2005), while only rarely are being 
related to old folded belts where both sides are chara-
cterized by compression tectonic setting and thinned 
continental crust (Titley and Beane 1981).  
The degree of REE fractionation, can be expressed 
as concentration ratio of light REE (La or Ce) versus 
concentration of heavy REE (Yb or Y). Ratio (La/Yb)N 
often is plot versus CeN or YbN at two variables plot 
and represents measure of degree of REE fractionation. 
In our study we prepared plots displaying REE fractio-
nation versus concentration change of REE at Figure 













































Figure 3. Degree of REE fractionation versus REE concentration change in samples from Toranica-Sasa, Kratovo-Zletovo and 
Buchim-Borov Dol areas. The relation is bivariate and displayed as ratio: а) between La/Yb vs. Yb and b) La/Yb vs. Ce (values 
were normalized to chondritic ones). 
 
 
From the plot on Figure 3а, can be seen that with the 
increase of HREE (Yb) fractionation of REE decreases, 
while from the plot on Figure 3b, au contrary to the 
previous one (Figure 3a), it can be seen that with the 




In general REE data from samples taken from the 
Toranica-Sasa, Kratovo-Zletovo and Buchim-Damjan-
Borov Dol volcanic areas, confirmed that there is a rela-
tive enrichment of LREE over HREE in the Tertiary 
magmatic rocks from the Eastern Macedonia probably 
due to supposed fractionation of LREE and their increase 
compared to chondrite values, which could be attributed 
to partial melting that was not of some higher intensity. 
Calculated values of Eu/Eu* anomalies confirmed 
slightly negative Eu anomaly (0.7276697 - 0.9036076) 
for the entire set of samples (mean value of 0.7979347), 
which suggests that plagioclase was separated from the 
magma prior to solidification and the rock formed 
resulted with depletion of europium due to processes of 
fraction crystalization or partial melting of rock(s) that 
contained feldspar. Ratio (La/Yb)N compared to CeN or 
YbN values, as a represent of degree of REE fractio-
nation indicated to us that with the increase of HREE 
(Yb) fractionation of REE decreases, while au contrary, 
with increase of LREE (Ce) fractionation increases.   
 
 
Developments in elementary and isotope geochemistry, source tracing and geochronology 645
were analyzed for REE concentrations. REE concentrati-
on data for twelve samples are presented in Table 1 and 
plotted in a chondrite-normalized spider diagram (Figure 
2).  
 
Table 1. Rare earth elements in rocks from the Toranica-Sasa, Kratovo-Zletovo and Buchim-Damjan-Borov Dol (in ppm). 
 
Sample 
TS1 TS7 TS9 TS13 KZ2 KZ5 KZ7 KZ8 BD1 BD4 BD5 BD6 Element 
La 53.10 52.01 39.64 44.88 58.40 32.65 50.66 28.64 32.78 68.27 44.86 67.52 
Ce 106.42 95.41 72.06 79.32 106.24 61.09 90.39 53.91 59.54 119.26 86.72 118.34 
Pr 13.35 11.36 8.08 9.72 12.07 7.35 9.98 6.25 7.12 13.64 10.47 12.99 
Nd 52.49 42.14 28.26 35.24 43.59 27.53 35.17 22.76 27.07 48.20 38.80 45.95 
Sm 9.25 7.48 5.07 6.79 7.72 5.42 5.92 4.30 5.14 8.32 7.00 7.66 
Eu 2.22 1.68 1.11 1.65 1.79 1.40 1.34 1.13 1.45 2.00 1.52 1.86 
Gd 7.27 5.86 4.28 6.48 6.12 5.03 4.95 4.09 4.70 6.79 5.56 6.14 
Tb 0.93 0.78 0.61 0.98 0.80 0.80 0.70 0.65 0.71 0.88 0.75 0.80 
Dy 4.47 3.98 3.30 5.24 4.18 4.53 3.71 3.77 3.87 4.51 3.78 4.30 
Ho 0.78 0.73 0.64 1.00 0.78 0.93 0.71 0.74 0.78 0.83 0.69 0.80 
Er 2.15 2.09 1.82 2.75 2.20 2.68 2.09 2.20 2.25 2.33 1.91 2.34 
Tm 0.30 0.31 0.28 0.38 0.33 0.42 0.33 0.34 0.34 0.33 0.28 0.33 
Yb 1.98 2.02 1.87 2.30 2.14 2.74 2.13 2.21 2.26 2.30 1.89 2.31 
Lu 0.30 0.30 0.29 0.35 0.32 0.41 0.31 0.35 0.33 0.34 0.28 0.34 
                                  
TS1-Trachydacite; TS7-Trachydacite; TS9-Dacite; TS13-Dacite; KZ-2Trachydacite; KZ-5 Trachyandesite; KZ-7 Rhyolite; KZ-8 Dacite;  
BD-1 Trachyandesite; BD-4 Trachyandesite; BD-5 Trachydacite; BD-6 Trachydacite. 
 
According to data of rare earth elements concentra-
tions in Table 1, chondrite-normalized REE plot acco-
rding to Sun and McDonough (1989) is displayed in 
Figure 2 below, to show the REE concentration pattern 
in the Tertiary magmatic rocks in the areas of interest. 
 
 
Figure 2. REE plot of chondrite normalized values (Sun and McDonough, 1989) in samples from the  Tertiary magmatic rocks 
in the areas of interest 
 
From the plot above is observed that there is a rela-
tive enrichment of Light Rare Earth Elements (LREE, 
La-Nd) over Heavy Rare Earth Elements (HREE, Er-
Lu) (Figure. 2) in the Tertiary magmatic rocks from the 
Eastern Macedonia. This could be due to fractionation 
of LREE and their increase compared to chondrite 
values (Rollinson 1992). Such a fractionation the most 
often is consequence of partial melting that according 
to the curve slope is not of some higher intensity.  
Another parameter used to describe REE data is the 
europium anomaly (Eu/Eu*), which is based on an ide-
alized, smooth REE distribution. Europium, like the ot-
her lanthanides, occurs in a trivalent (3+) oxidation sta-
te, but can also be reduced to (2+) under certain conditi-
ons. Europium anomalies are primarily due to the pre-
ferential incorporation of the divalent form into plagio-
clase as a substitute for strontium (2+) in reducing mag-
mas (Taylor and McLennan 1981, 1995). Observing 
the middle part of our plots we found that there are 
slight deviations of Eu, from the supposed “ideal” line 
between the Sm and Gd. In that direction were calcu-
lated Eu anomalies, as a geometric mean, by the equati-











where: Eu/Eu* - represents the ratio of the actual concentra-
tion of europium in the sample to the ideal 
concentration, assuming an REE distribution 
profile matching that of a reference material, 
in this case chondrites (dimensionless), 
[Eu]N - the chondrite-normalized concentration of 
europium (dimensionless), 
[Sm]N - the chondrite-normalized concentration of 
samarium (dimensionless), and 
[Gd]N is the chondrite-normalized concentration of 
gadolinium (dimensionless). 
Values of Eu/Eu* greater than 1.0 indicates a posit-
ive anomaly while a value less than 1.0 is considered 
negative anomaly (Taylor and McLennan 1985). In 
such manner calculated values are displayed within the 
Table 2:  
 
Table 2. Eu anomaly values calculated for particular 
samples of Tertiary rocks. 
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Calculated values of Eu/Eu* anomalies confirmed 
slightly negative Eu anomaly, ranging from 0.7276697 
to 0.9036076 for the entire set of samples (coupled 
with the mean Eu/Eu* value of 0.7979347) or by areas, 
Toranica-Sasa (0.7276697-0.8289057), Kratovo-Zle-
tovo (0.7556627-0.8224152) and Buchim-Borov Dol 
(0.7441942-0.9036076). These values suggest that the 
plagioclase was separated from the magma prior to 
solidification and the rock formed resulted with deple-
tion of europium (Taylor and McLennan 1981, 1985; 
Rollinson 1992), due to processes of fraction crystali-
zation or partial melting of rock(s) that contained felds-
par, which was indicated by the variations of Ba and Sr 
contents relative to Rb and variation of Y, too. As it is 
known the fractionation in these areas, judging by the 
slope of plot curve is of medium to small intensity, 
which is in direct line with studies of porphyry Cu-Mo 
and some other polymetallic deposits around the World 
that are related with ocean and continental arc settings 
of Cenozoic age (Titley and Beane 1981; Richards 
2003; Cooke et al. 2005), while only rarely are being 
related to old folded belts where both sides are chara-
cterized by compression tectonic setting and thinned 
continental crust (Titley and Beane 1981).  
The degree of REE fractionation, can be expressed 
as concentration ratio of light REE (La or Ce) versus 
concentration of heavy REE (Yb or Y). Ratio (La/Yb)N 
often is plot versus CeN or YbN at two variables plot 
and represents measure of degree of REE fractionation. 
In our study we prepared plots displaying REE fractio-
nation versus concentration change of REE at Figure 













































Figure 3. Degree of REE fractionation versus REE concentration change in samples from Toranica-Sasa, Kratovo-Zletovo and 
Buchim-Borov Dol areas. The relation is bivariate and displayed as ratio: а) between La/Yb vs. Yb and b) La/Yb vs. Ce (values 
were normalized to chondritic ones). 
 
 
From the plot on Figure 3а, can be seen that with the 
increase of HREE (Yb) fractionation of REE decreases, 
while from the plot on Figure 3b, au contrary to the 
previous one (Figure 3a), it can be seen that with the 




In general REE data from samples taken from the 
Toranica-Sasa, Kratovo-Zletovo and Buchim-Damjan-
Borov Dol volcanic areas, confirmed that there is a rela-
tive enrichment of LREE over HREE in the Tertiary 
magmatic rocks from the Eastern Macedonia probably 
due to supposed fractionation of LREE and their increase 
compared to chondrite values, which could be attributed 
to partial melting that was not of some higher intensity. 
Calculated values of Eu/Eu* anomalies confirmed 
slightly negative Eu anomaly (0.7276697 - 0.9036076) 
for the entire set of samples (mean value of 0.7979347), 
which suggests that plagioclase was separated from the 
magma prior to solidification and the rock formed 
resulted with depletion of europium due to processes of 
fraction crystalization or partial melting of rock(s) that 
contained feldspar. Ratio (La/Yb)N compared to CeN or 
YbN values, as a represent of degree of REE fractio-
nation indicated to us that with the increase of HREE 
(Yb) fractionation of REE decreases, while au contrary, 
with increase of LREE (Ce) fractionation increases.   
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Abstract. Native silver samples from a number of 
hydrothermal base and noble metal deposits have been 
measured for Ag isotopic composition using MC-ICPMS 
NeptuneTM applying Ag standard bracketing and Pd 
standards for instrumental mass bias correction. The 
range of ε107Ag* in native silver samples from these 
deposits is -4.6 to +3.3, which is greater than analytical 
uncertainty. The most negative values were obtained for 
native silver from the Cu-Mo porphyry Sorskoye and Ag 
epithermal Imiter deposits, with recognized predominantly 
mantle sources of ore metals. The most positive values 
were encountered for the sediment-hosted Nochnoye Ag-
Pb-Zn deposit in clastic metasediments, and the Broken 
Hill polymetallic Sedimentary Exhalative (SEDEX) 
deposit, the latter with confirmed crustal sources of ore 
metals. The Volcanic Hosted Massive Sulphide deposit 
Teutonic Bore (ε107Ag = -1.1) occupies an intermediate 
position, close to the bulk silicate Earth value of -2.2±0.7 
for ε107Ag. Thus, the source reservoirs (mantle vs crustal) 
seem to influence the isotopic composition of Ag, 
possibly due to lower temperature redox changes 
associated with crustal processes. Possible mechanisms 
of isotopic fractionation include nuclear volume shift due 
to the retraction in Ag+ nuclear volume as a result of s-
electron removal (Ag0  Ag+ transition). Thus, the Ag 
isotope systematics may constitute a new promising tool 
for mineral deposits studies, especially these related to 
Au-Ag alloys.     
 




The study of Ag isotope systematics in natural systems 
has progressed slowly relative to that of other isotopic 
techniques because Ag isotopes are difficult to analyse 
using the traditional thermal ionization mass 
spectrometry (TIMS) techniques to better than 2‰ due 
to instrumental mass fractionation issues (Chen and 
Wasserburg 1983). With this level of external precision, 
previous measurements on terrestrial rocks, chondrites 
and iron meteorites all appear to record the same 
107Ag/109Ag ratio of 1.08. The recent development of 
multicollector inductively coupled plasma mass 
spectrometry (MC–ICP–MS) techniques have reduced 
the external reproducibility of the 107Ag/109Ag 
measurement by an order of magnitude or more via the 
usage of Pd isotopes to correct for instrumental mass 
fractionation. This improvement has led to the discovery 
that the Ag isotopic composition of terrestrial and extra-
terrestrial samples shows variability (Hauri et al. 2000; 
Woodland et al. 2005; Chugaev and Chernyshev 2012; 
Schönbächler et al. 2010).  
Hauri et al. (2000) and Chugaev and Chernyshev 
(2012) reported a range of 107Ag/109Ag in native silver 
and gold from base and precious metal deposits (–6.0 to 
+5.3 of ε107Ag; Fig. 1), whereas similar variations (–9.4 
to +1.5 of ε107Ag) were obtained for volcanic rocks 
(Woodland et al. 2005; Schönbächler et al. 2007; Hauri 




Figure 1. Frequency distribution histogram for Ag isotopic 
composition (expressed in ε107Ag*) in native silver and Au-Ag 
alloys (Chugaev and Chernyshev 2012; Hauri et al. 2000) in 
comparison with volcanic rocks and meteorites (Woodland et 
al. 2005; Hauri et al. 2000).  
*Natural shift in the 107Ag/109Ag ratio relative to Ag standard 
(NIST SRM 978a) is expressed as:  
ε107Ag= [(107Ag/109Ag)sample/(107Ag/109Ag)standard – 1] ×104. 
 
